Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 


0 Publication number: 


0 367 383 

A2 


© EUROPEAN PATENT APPLICATION 

© Application number: 89308391.5 © Int. Cl.» F16K 31/126 , F16K 47/08 


© Date Of filing: 18.08.89 


® Priority: 04.11.88 JP 144133/88 

© Applicant: NOK CORPORATION 

12-15, Shiba-daimon 1-chome Mlnato-ku 

© Date of publication of application: 

Tokyo 105(JP) 

09.05.90 Bulletin 90/19 

© Inventor: Nakao, Hitoshi 


® Designated Contracting States: 

c/o 4-3-1 Tsujidoshinmachi 

DE GB 

Fujisawa-shi Kanagawa-ken(JP) 


Inventor: Shigekawa, Hideo 


c/o 4-3-1 Tsujidoshinmachi 


Fujisawa-shi Kanagawa-ken(JP) 


Inventor: Tohjima, Hidenori 


c/o 4-3-1 Tsujidoshinmachi 


Fujisawa-shi Kanagawa-ken(JP) 


© Representative: Jenkins, Peter David et al 


PAGE, WHITE & FARRER 54 Doughty Street 


London WC1N 2LS(GB) 


® Reed valve device with air control valve. 


© A reed valve device with an air control valve 
operates in response to a signal pressure applied to 
a signal pressure port, so as to selectively allow a 
fluid introduced through a fluid inlet port to reach a 
reed valve through a gap between a diaphragm and 
the valve seat on the upper end of the inner cylinder, 
and to cause the fluid to forcibly open the reed valve 
so that the fluid is discharged through a fluid outlet 
port. When no signal pressure is applied, the dia- 
phragm is seated on the valve seat to prevent the 
fluid from reaching the reed valve. The reed valve 
^also is capable of blocking any reversing flow from 
the outlet port. The reed valve device has an upper 
qq casing including an outer cylinder provided with a 
(V) fluid inlet port, and inner cylinder disposed in the 
outer cylinder, the gap between the lower ends of 
(pthe outer and inner cylinders being closed, a lower 
CO casing provided with a fluid outlet port and commu- 
^nicating with the interior of the upper casing through 
the reed valve provided between these casings, the 
^diaphragm placed on the upper ends of the outer 
^and inner cylinders, a cover member having the 
signal pressure port formed therein and provided on 


the diaphragm, the diaphragm being clamped at its 
peripheral edge portion between the cover member 
and the outer cylinder, a coiled spring loaded be- 
tween the cover member and the diaphragm so as 
to bias the diaphragm to keep it seated on a valve 
seat provided by the upper end of the outer cylinder, 
wherein the signal pressure applied to the signal 
pressure port produces a force to deflect the dia- 
phragm against the force of the coiled spring away 
from the valve seat so as to allow a fluid introduced 
through the fluid inlet port to reach the reed valve 
through the space between the outer and the inner 
cylinders and through the interior of the inner cyl- 
inder, whereby the fluid introduced through the fluid 
inlet port into the space between the outer and inner 
cylinders is prevented from directly flowing into the 
inner cylinder. In consequence.the noise generated 
in the reed valve is prevented from directly propa- 
gating to the fluid inlet port, so that the level of the 
noise is reduced. 
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REED VALVE DEVICE WITH AIR CONTROL VALVE 


The present invention relates to a reed valv 
device with an air control valve and, more particu- 
larly, to a reed valve device with an air control 
valve improved to reduce noise which is generated 
during opening and closing of the reed valve. 

A reed valve device is known which has an air 
control valve for introducing secondary air for the 
purpose of cleaning exhaust gas from an auto- 
motive engine. This known reed valve device typi- 
cally has a construction as shown in Figs. 26 and 
27. 

Referring to these Figures, the known reed 
valve device has an outer cylinder 32 provided with 
a fluid inlet port A to which is connected a rubber 
hose (not shown) leading from an air cleaner (not 
shown). The outer cylinder 32 accommodates an 
inner cylinder 33 the upper end of which provides 
a valve seat 34 which cooperates with a diaphragm 

35. The lower ends of the inner cylinder 33 and the 
outer cylinder 32 are connected to each other so 
that these cylinders in combination provide an up- 
per casing 31. The diaphragm 35 of a disk-like 
form is provided between the upper ends of the 
inner and outer cylinders 33. 32 of the upper 
casing 31. A cover member 36 provided on the 
diaphragm 35 has a substantially cylindrical form 
closed at its upper end. The central portion of the 
upper wall of the cover member 36 is recessed 
downward in a cylindrical form. A port B is pro- 
vided in the peripheral wall of the cover member 

36. The diaphragm 35 is clamped at its peripheral 
edge portion between the edge of the lower open- 
ing of the cover member 36 and the edge of the 
upper opening of the outer cylinder 32. A disk- 
shaped closure member 37 is embedded in the 
central portion of the diaphragm 35. 

A coiled spring 38 is loaded between the clo- 
sure member 37 and the cover member 36 so as 
to bias the diaphragm 35 to keep it seated on the 
valve seat 34. 

A reed valve 39 is disposed on the lower end 
of the opening of the outer cylinder 32 of the upper 
casing 31. A lower casing 40 having a fluid outlet 
port C is secured to the lower end of the upper 
casing 31 by means of screws 46. Thus, the inte- 
rior of the upper casing 31 and the interior of the 
lower casing 40 are communicatable through the 
reed valve 39. 

As in the case of ordinary reed valve, the reed 
valve 39 has a case complete 41 provided with a 
fluid passage hold 42 formed in the center thereof, 
a reed 43 capable of selectively closing the pas- 
sage hole 42 in accordance with the pressure dif- 
ferential developed across the reed 43. and a stop- 
per 44 for limiting the lift of the reed 43. the case 


complete 41. the reed 43 and the stopper 44 b ing 
assembled together by means of a screw 47. The 
reed valve 39 is fixed at its peripheral portion 
between the upper casing 31 and the lower casing 
5 40 through the intermediary of a holding member 
45 provided on the periphery of the case complete 
41. 

In this reed valve device with air control valve, 
when no signal pressure is applied to the port B, 

;o the diaphragm 35 is seated on the valve seat 34 by 
the biasing force of the coiled spring 38 as shown 
in Fig. 26, so that a fluid flowing into the port A is 
prevented from flowing into the interior of the inner 
cylinder 33 and. hence, from being relieved 

T5 through the port C. 

However, when a signal pressure is applied to 
the port B. the diaphragm 35 is displaced, by this 
signal pressure, away from the valve seat 34 over- 
coming the force of the coiled spring 38 as shown 

20 in Fig. 27. In this state, a fluid flowing into the port 
A is allowed to flow into the inner cylinder 33 
through the clearance between the diaphragm 35 
and the valve seat 34 and reaches the reed valve 
39. In consequence, the reed valve 39 is forcibly 

25 opened by the pressure differential between the 
interior of the inner cylinder and the port C so as to 
allow the fluid to be discharged through the port C. 

Any reversing flow of the fluid into and through 
the port C is prevented because the reed 44 of the 

30 reed valve 39 closes the passage hole 42 in the 
case complete 43 so as to block such reversing 
flow of the fluid. 

During the operation of the reed valve device 
as described, noise is generated in the reed valve 

35 39 as a result of vibratory opening and closing 
motion of the reed 43. The noise is propagated 
tracing backward the path of the fluid, i.e.. upwar- 
dly through the inner cylinder 33, the clearance 
between the valve seat 34 and the diaphragm 35, 

40 port A and through the rubber hose to reach the air 
cleaner. 

The noise is then made to pass through filter 
elements packed in the air cleaner so as to inter- 
fere with each other to reduce their levels, whereby 
45 the transmission of the noise to the interior of the 
compartment is appreciably reduced. 

This known reed valve device with air control 
valve, however, suffers from the following disadvan- 
tages. 

so The reduction of the noises generated in the 

reed valve device is achieved by allowing the noise 
to propagate, to the air cleaner and causing the 
nois components to interfere with one another. 
The noise components, however, tend to cause an 
air columnar resonance in the rubber hose through 
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which the noise components are propagated, so 
that the level of the noise reaching the air cleaner 
may have been increased as compared with the 
level of the noise originally generated in the treed 
valve device. 

In addition, components of the noise which 
have been leaked from the air cleaner is transmit- 
ted into the compartment to discomfort the driver 
and. or passengers. 

If the rubber hose has accidentally come off, 
the noise is directly transmitted into the compart- 
ment. 

The present invention aims to provide a reed 
valve device with an air control valve, improved to 
enable reduction of noise generated in the reed 
valve device the noise is propagated to the ex- 
terior. 

The present invention also aims to provide a 
reed valve device which is capable of preventing 
transmission of the noise from the reed valve de- 
vice into the compartment regardless of whether 
the rubber hose has come off or not. 

To this end, according to the present invention, 
there is provided a reed valve device with an air 
control valve comprising: an upper casing including 
an outer cylinder provided with a fluid inlet port, an 
inner cylinder disposed in the outer cylinder, the 
gap between the lower ends of the outer and inner 
cylinders being closed; a lower casing provided 
with a fluid outlet port; a reed valve provided be- 
tween the upper casing and the lower casing, the 
interior of the upper casing and the interior of the 
lower casing being communicatable through the 
reed valve; a diaphragm placed on the upper ends 
of the outer and inner cylinders; a cover member 
having a signal pressure port formed therein and 
provided on the diaphragm, the diaphragm being 
clamped at its peripheral edge portion between the 
cover member and the outer cylinder; a coiled 
spring loaded between the cover member and the 
diaphragm so as to bias the diaphragm to keep it 
seated on a valve seat provided by the upper end 
of the outer cylinder; wherein a signal pressure 
applied to the signal pressure port produces a 
force to deflect the diaphragm against the force of 
the coiled spring away from the valve seat so as to 
allow a fluid introduced through the fluid inlet port 
to reach the reed valve through the space between 
the outer and inner cylinder and through the inte- 
rior of the inner cylinder;characterized in that the 
fluid introduced through the fluid inlet port into the 
space between the outer cylinder and the inner 
cylinder is prevented from directly flowing into the 
inner cylinder.With this arrangement, noise gen- 
erated during operation of the reed valve is pre- 
vented from directly propagating back to the fluid 
inlet port. Namely, the noise travels a long distance 
inside the reed valve device before it reaches the 


fluid tnlet port. 

Thus, transmission of large noise to the com- 
partment is prevented even when the rubber hose 
has accidentally come off. 
5 Embodiments of the present invention will now 

be described by way of example only with refer- 
ence to the accompanying drawings, in which:- 

Figs. 1 is a schematic vertical sectional view 
of an embodiment of the reed valve device with air 
jo control valve in accordance with the present inven- 
tion in a inoperative state; 

Fig. 2 is a schematic vertical sectional view 
of a second embodiment embodiment in an oper- 
ative state; 

75 Fig. 3 is a schematic vertical sectional view 

of the second embodiment in inoperative state; 

Fig. 4 is a schematic vertical sectional view 
of the second embodiment in an operating state; 

Fig. 5 is a plan view of the second embodi- 
20 ment with a diaphragm removed therefrom; 

Fig. 6 is a sectional view taken along the line 
l-l of Fig. 3; 

Fig. 7 is a schematic vertical sectional view 
of a third embodiment in inoperative state; 
25 Fig. 8 is a schematic vertical sectional view 

of the third embodiment in an operating state; 

Fig. 9 is a side elevational view of the third 
embodiment; 

Fig. 10 is a sectional view taken along the 
30 line ll-ll of Fig. 7; 

Fig. 11 is a plan view of the third embodi- 
ment; 

Fig. 12 is a pan view of a fourth embodi- 
ment; 

35 Fig. 13 is a side elevational view as viewed 

from one side of the fourth embodiment; 

Fig. 14 is a side elevational view as viewed 
from the other side of the fourth embodiment: 

Fig. 15 is a schematic vertical sectional view; 
40 Fig. 16 is a sectional view taken along the 

line Ill-Ill of Fig. 15; 

Fig. 17is a plan view of a fifth embodiment; 

Fig. 18 is a side elevational view of the fifth 
embodiment; 

4$ Fig. 19 is a schematic vertical sectional view 

of the fifth embodiment; 

Fig. 20 is a sectional view taken along the 
line IV-IV of Fig. 19; 

Fig. 21 is a plan view of a sixth embodiment; 
so Fig. 22 is a side elevational view of the sixth 

embodiment; 

Fig. 23 is a schematic vertical sectional view 
of the sixth embodiment; 

Fig. 24 is a sectional view taken along th line 
55 V-V of Fig. 23; 

Fig. 25 is a sectional view taken along the 
line VI-VI of Fig. 24; 

Fig. 26 is a schematic vertical sectional view 
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of a known reed valve device with air control valve 
in inoperativ state: and 

Fig. 27 is a schematic vertical sectional view 
of the reed valve device of Fig. 26 in an operating 
state. 

Figs. 1 and 2 show a first embodiment of the 
reed valve device with an air control device in 
accordance with the present invention. 

Referring to these Figures, the reed valve de- 
vice has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A to which is connected a 
rubber hose (not shown) leading from an air clean- 
er (not shown). The outer cylinder 2 accommo- 
dates an inner cylinder 3 the upper end of which 
provides a valve seat 4 which cooperates with a 
diaphragm 5. The lower ends of the inner cylinder 
3 and the outer cylinder 2 are connected to each 
other so that these cylinder in cooperation provide 
an upper casing 1 . 

The diaphragm 5. having a disk-like form, is 
provided on the upper end of the outer cylinders 2 
of the upper casing 1 . A cover member 6 provided 
on the diaphragm 5 has a substantially cylindrical 
form closed at its upper end. The central portion of 
the upper wall of the cover member 6 is recessed 
to project downward in a cylindrical form. A port B 
is provided in the peripheral wall of the cover 
member 6. The diaphragm 5 is clamped at its 
peripheral edge portion between the edge of the 
lower opening of the cover member 6 and the edge 
of the upper opening of the outer cylinder 2. A 
disk-shaped closure member 7 is embedded in the 
central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 
bias the .diaphragm 5 to keep it seated on the valve 
seat 4. 

A filter 18 is disposed in a space defined 
between the outer cylinder 2 and the inner cylinder 
3 within the upper casing 1. 

The filter 18 can have various types of filtering 
material, though the illustrated embodiment em- 
ploys filter elements formed from chemical fibers. 

A reed valve 9 is disposed on the lower end of 
the opening of the outer cylinder 2 of the upper 
casing 1. A lower casing 10 having a fluid outlet 
port C is secured to the lower end of the upper 
casing 1 by means of screws 16. Thus, the interior 
of the upper casing 1 and the interior of the lower 
casing 10 are communicatable through the reed 
valve 9. 

The reed valve 9 in the present invention has a 
case complete 11 provided with a fluid passage 
hole 12 formed in the center thereof, a reed 13 
capable of selectively closing the passage hole 12 
in accordance with the pressure differential devel- 
oped across the reed 13. and a stopper 14 for 
limiting the lift of the reed 13. the reed 13 and the 


stopper 14 being together secured to the case 
complete 11 by means of a screw 17. The reed 
valve 9 is fixed at its peripheral portion between 
the upper casing 1 and the lower casing 10 through 
5 the intermediary of a holding member 15 provided 
on the periphery of the case complete 11. 

In the operation of this reed valve device with 
air control valve, when no signal pressure is ap- 
plied to the port B. the diaphragm 5 is seated on 
io the valve seat 4 by the biasing force of the coiled 
spring 8 as shown in Fig. 1, so that a fluid flowing 
into the port A is prevented from flowing into the 
interior of the inner cylinder 3 and, hence, from 
being relieved through the port C. 
/5 However, when a signal pressure is applied to 

the port B. the diaphragm 5 is displaced, by this 
signal pressure, away from the valve seat 4 over- 
coming the force of the coiled spring 8 as shown in 
Fig. 2. In this state, a fluid flowing into the port A is 
20 allowed to flow into the inner cylinder 3 through the 
clearance between the diaphragm 5 and the valve 
seat 4 and reaches the reed valve 9. In con- 
sequence, the reed valve 9 is forcibly opened by 
the pressure differential between the interior of the 
25 inner cylinder 3 and the outlet port C so as to allow 
the fluid to be discharged through the port C. 

Any reversing flow of the fluid into and through 
the port C is prevented because the reed 13 of the 
reed valve 9 closes the passage hole 12 in the 
30 case complete 11 so as to block such reversing 
flow of the fluid. 

During the operation of the reed valve device, 
noise is generated in the reed valve 9 due to 
vibratory opening and closing of the reed 13. The 
35 noise is propagated upward through the inner cyl- 
inder 3 and reach the filter 18 through the clear- 
ance between the valve seat 4 and the diaphragm 
5 so that the noise is reflected and scattered in 
various directions upon collision with the material of 
40 the filter element, so that noise components are 
interfered with and negated by one on other to 
reduce the noise level. 

Thus, in the first embodiment of the present 
invention, the filter 18 effectively reduce the noise 
45 generated in the reed valve 9, thus attaining a 
remarkable improvement in the noise reduction. 

Figs. 3 to 6 show a second embodiment of the 
reed valve device with an air control device in 
accordance with the present invention, 
so Referring to these Figures, the reed valve de- 

vice has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A and accommodating an 
inner cylinder 3 the upper end of which provides a 
valve seat 4 which cooperates with a diaphragm 5, 
55 the lower ends of the inner cylinder 3 and the outer 
cylinder 2 being connected to each other so that 
these cylinders in combination provide an upper 
casing 1. 


4 


7 


EP 0 367 383 A2 


8 


The diaphragm 5, having a disk-tike form, is 
provided on the upper end of the outer cylinders 2 
of the upper casing 1 . A cover member 6 provided 
on the diaphragm 5 has a substantially cylindrical 
form closed at its upper end. The central portion of 
the upper wall of the cover member 6 is recessed 
to project downward in a cylindrical form. A port 8 
is provided in the peripheral wall of the cover 
member 6. The diaphragm 5 is clamped at its 
peripheral edge portion between the edge of the 
lower opening of the cover member 6 and the edge 
of the upper opening of the outer cylinder 2. 

A disk-shaped closure member 7 is embedded 
in the central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 
bias the diaphragm 5 to keep it seated on the valve 
seat 4. 

A partition plate 19 which separates the ports A 
and B from each other is disposed in the space 
defined between the outer cylinder 2 and the inner 
cylinder 3 within the upper casing 1. as will be 
seen from Figs. 5 and 6. 

The partition wall 19 is composed of a top wall 
10a and a vertical wall 19b. 

The top wall 19a is provided between the outer 
and inner cylinders 2 and 3 at a level above th port 
A, substantially at the same level as the valve seat 
4, and is partly notched. 

The vertical wall 19b is substantially aligned 
with a side edge of the port A and extends verti- 
cally through the space between the outer and 
inner cylinders 2 and 3. The top wall 19a is 
notched at a portion thereof opposite to the surface 
of the vertical wall 19b facing the port A. 

This arrangement prevents the fluid coming 
through the .port A from flowing upward and 
counter-clockwise, due to the presence of the verti- 
cal wall 19b. so that the fluid is guided to flow 
horizontally and clockwise. 

A reed valve 9 and a lower casing 10 having a 
fluid outlet port C are secured to the lower end 
opening of the outer cylinder 2 of the upper casing 
i by means of screws 16. Thus, the interior of the 
upper casing 1 and the interior of the lower casing 
10 are communicatable through the reed valve 9. 

The reed valve 9 in this embodiment has a 
case complete 11 provided with a fluid passage 
hole 12 formed in the center thereof, a reed 13 
capable of selectively closing the passage hole 12 
in accordance with the pressure differential devel- 
oped across the reed 13. and a stopper 14 for 
limiting the lift of the reed 13. the reed 13 and the 
stopper 14 being together secured to the case 
complete 11 by means of a screw 17. 

The reed valve 9 is fixed at its peripheral 
portion between the upper casing 1 and the lower 
casing 10 through the intermediary of a holding 


member 15 provided on the periphery of the case 
complete 1 1 . 

In this reed valve device with air control valve, 
when no signal pressure is applied to the port B. 

5 the diaphragm 5 is seated on the valve seat 4 by 
the biasing force of the coiled spring 8 as shown in 
Fig. 3, so that a fluid flowing into the port A is 
prevented from flowing into the interior of the inner 
cylinder 3 and, hence, from being relieved through 

io the port C. 

However, when a signal pressure is applied to 
the port B t the diaphragm 5 is displaced . by this 
signal pressure, away from the valve seat 4 over- 
coming the force of the coiled spring 8. In this 

15 state, the fluid flowing into the reed valve device 
through the port A is made to flow clockwise and 
horizontally in a fluid passage 20 defined by the 
outer and inner cylinders 2 and 3 along the lower 
surface of the top wall 19a of the partition wall 19, 

20 so as to make almost one full turn around the axis 
of the cylinders. The fluid is then introduced into 
the portion of the space between the outer and 
inner cylinders 2 and 3 where the top wall 19a of 
the partition wall 19 is notched and then flows 

25 upward through this space along the vertical wall 
19b into the inner cylinder 3. The fluid then forcibly 
opens the reed 13 so as to be discharged through 
the port C. 

It will be understood that a long detouring 
30 passage is formed by the partition wall 19 so that 
the fluid travels a much greater distance as com- 
pared with the case where there is no partition wall 
19. 

Any reversing flow of the fluid into and through 

35 the port C is prevented because the reed 1 3 of the 
reed valve 9 closes the passage hole 12 in the 
case complete 11 so as to block such reversing 
flow of the fluid. 

During the operation of the reed valve device. 

40 noise is generated in the reed valve 9 due to 
vibratory opening and closing of the reed 13. The 
noise is propagated in the direction counter to the 
direction of flow of the fluid, namely, upward 
through the inner cylinder 3 , the gap between the 

45 upper side of the valve seat 4 an the diaphragm 5, 
and the portion of the space between the outer 
cylinder 2 and the inner cylinder 3 where the 
partition wall 19 is notched, so as to reach the port 
A. Thus, the length of the propagation path is 

so remarkably increased as compared with the con- 
ventional arrangement, so that uncomfortable high- 
frequency components of the noise are absorbed 
effectively, thus attaining a substantial noise reduc- 
tion. 

55 Figs. 7 to 1 1 show a third embodiment of the 

reed valve device with an air control device in 
accordance with the present invention. 

Referring to these Figures, the reed valve de- 
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vtce has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A and accommodating an 
inner cylinder 3 the upper end of which provides a 
valve seat 4 which cooperates with a diaphragm 5, 
the lower «nds of the inner cylinder 3 and the outer 
cylinder 2 being connected to each other so that 
these cylinders in combination provide an upper 
casing 1. 

The diaphragm 5. having a disk-like form, is 
provided on the upper end of the outer cylinders 2 
of the upper casing t. A cover member 6 provided 
on the diaphragm 5 has a substantially cylindrical 
form closed at its upper end. The central portion of 
the upper wall of the cover member 6 is recessed 
to project downwardly in a cylindrical form. A port 
B is provided in the peripheral wall of the cover 
member 6. The diaphragm 5 is clamped at its 
peripheral edge portion between the cover member 
6 and the outer cylinder 2. 

A disk-shaped closure member 7 is embedded 
in the central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 
bias the diaphragm 5 to keep it seated on the valve 
seat 4. 

A partition plate 19 which separates the ports A 
and B from each other is disposed in a space 
defined between the outer cylinder 2 and the inner 
cylinder 3 within the upper casing 1 . 

As will be seen from Figs. 7, 8 and 10. the 
lower surface of the partition wall 19 is flush with 
the upper edge of the port A. The partition wall 19 
has a sector-shape centered at the center of the 
inner cylinder 3. Thus, a fluid passage 20 is formed 
by the portion of the space between the outer and 
inner cylinders 2 and 3 where the partition wall 19 
is not provided. 

A reed valve 9 having a pair of fluid passage 
holes 12 and a lower casing 10 Y-type fluid outlet 
port C are secured as a unit to the lower end 
opening of the outer cylinder 2 of the casing 1 , by 
means of a screw 16. 

Thus, the interior of the upper casing 1 and the 
interior of the lower casing 10 are communicatable 
through the reed valve 9. 

The reed valve 9 in embodiment has a case 
complete 1 1 having a V-like configuration with left 
and right side surfaces having fluid passage holes 
12, reeds 13 capable of selectively closing the 
passage holes 12, and stoppers 14 for limiting the 
lift of the reed 13. the reeds 13 and the stoppers 
14 being together secured to the case complete 11 
by means of screws 17. The reed valve 9 is fixed 
at its peripheral portion between the upper casing 1 
and the lower casing 10 through the intermediary 
of a holding member 15 provided on the periphery 
of the case complete 1 1 . 

In operation of this reed valve device with air 


control valve, when no signal pressure is applied to 
the port B. the diaphragm 5 is seated on the valve 
seat 4 by the biasing force of the coiled spring 8 
as shown in Fig. 7, so that a fluid flowing into the 

5 port A is prevented from flowing into the interior of 
the inner cylinder 3 and. hence: from being re- 
lieved through the ports C. 

However, when a signal pressure is applied to 
the port B, the diaphragm 5 is displaced by this 

w signal pressure away from the valve seat 4 over- 
coming the force of the coiled spring 8. In this 
state, the fluid flowing into the reed valve device 
through the port A is made to flow horizontally to 
the left and right in a fluid passage 20 defined by 

is the outer and inner cylinders 2 and 3 along the 
partition wall 19, so as to flow into the inner cyl- 
inder 3. The fluid then forcibly opens the reeds 13 
so as to be discharged through the ports C. 

It will be understood that a long detouring 

20 passage is formed by the partition wall 19 so that 
the fluid travels a much greater distance as com- 
pared with the case where there is no partition wall 
19. 

Any reversing flow of the fluid into and through 

25 the port C is prevented because the reeds 13 of 
the reed valve 9 closes the passage holes 12 in the 
case complete 11 so as to block such reversing 
flow of the fluid. 

During the operation of this reed valve device, 

30 noise is generated in the reed valve 9 due to 
vibratory opening and closing of the reed 1 3. 

The noise is propagated in the direction coun- 
ter to the direction of flow of the fluid, namely, 
upward through the inner cylinder 3 . the gap 

35 between the upper side of the valve seat 4 an the 
diaphragm 5, and the portion of the space between 
the outer cylinder 2 and the inner cylinder 3 devoid 
of the partition wall 19, so as to reach the port A. 
Thus, the length of the propagation path is remark- 

40 ably increased as compared with the conventional 
arrangement, so that uncomfortable high-frequency 
components of the noise are absorbed effectively, 
thus attaining a substantial noise reduction. 

Figs. 12 to 16 show a fourth embodiment of the 

45 reed valve device with an air control device in 
accordance with the present invention. 

Referring to these Figures, the reed valve de- 
vice has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A and accommodating an 

so inner cylinder 3 the upper end of which provides a 
valve seat 4 which cooperates with a diaphragm 5. 
the lower ends of the inner cylinder 3 and the outer 
cylinder 2 being connected to each other so that 
these cylinders in cooperation provide an upper 
55 casing 1. 

The diaphragm 5, having a disk-like form, is 
provided on the upper end of the outer cylinders 2 
of the upper casing 1. A cover member 6 provided 
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on the diaphragm 5 has a substantially cylindrical 
form closed at its upper end. The central portion of 
the upper wall of the cover member 6 is recessed 
downward in a cylindrical form. A port B is pro- 
vided in the peripheral wall of the cover member 6. 
The diaphragm 5 is clamped at its peripheral edge 
portion between the edge of the lower end opening 
of the cover member 6 and the edge of the upper 
end opening of the outer cylinder 2. 

A disk-shaped closure member 7 is embedded 
in the central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 
bias the diaphragm 5 to keep it seated on the valve 
seat 4. 

The fluid inlet port A is formed such that its 
axis is inclined within the horizontal plate at an 
angle e with respect to the center of the upper 
casing 1. As shown in Fig. 16. a sector-shaped 
partition wall 19 is provided to connect the outer 
and inner cylinder 2 and 3 at the upper side of the 
port A. The port A is provided with a filter 18 
disposed therein, and is capped with a cap mem- 
ber 21 at its one end. 

The fluid introduced into the port A flows into 
the inner cylinder 3 as indicated by arrows in Fig. 
16. 

A reed valve 9 having a pair of fluid passage 
holes 12 and a lower casing 10 having a pair of 
fluid outlet ports C are secured as a unit to the 
lower end opening of the outer cylinder by 
means of a screw 16. The space under the pas- 
sage holes 12 of the reed valve 9 is divided by a 
partition wall 22 provided in the lower casing 10 
into sections which corresponds to the respective 
passage holes 12 and which lead to the respective 
outlet ports C. 

The reed valve 9 in embodiment has a case 
complete 1 1 having the pair of fluid passage holes 
12. reeds 13 capable of selectively closing the 
passage holes 12, and stoppers 14 for limiting the 
lift of the reed 13. the reeds 13 and the stoppers 
1 4 being together secured to the case complete 1 1 
by means of screws 17. The reed valve 9 is fixed 
at its peripheral portion between the upper casing 1 
and the lower casing 10 through the intermediary 
of a holding member 15. 

In operation this reed valve device with air 
control valve, when no signal pressure is applied to 
the port B, the diaphragm 5 is seated on the valve 
seat 4 by the biasing force of the coiled spring 8 
as shown in Fig. 15. so that a fluid flowing into the 
port A is prevented from flowing into the interior of 
the inner cylinder 3 and. hence, from being re- 
lieved through the ports C. 

However, when a signal pressure is applied to 
the port B. the diaphragm 5 is displaced away from 
the valve seat 4 overcoming the force of the coiled 


spring 8. by this signal pressure. 

In this state, the fluid flowing into the reed 
valve device through the port A is made to flow 
through the filter 18. Since the upper surface of the 

s filter is held in contact with the partition wall 19. the 
flow of the fluid is deflected horizontally and is 
allowed to flow upward in the region where the 
partition wall 19 does not exist so as to flow into 
the inner cylinder 3. The fluid then flows downward 

w through the inner, cylinder 3 so as to forcibly open 
the reeds 13 and is discharged through the respec- 
tive ports C. 

Any reversing flow of the fluid into and through 
the port C is prevented because the reeds 13 of 

zs the reed valve 9 closes the passage holes 12 in the 
case complete 11 so as to block such reversing 
flow of the fluid. 

During the operation of the reed valve device, 
noise is generated in the reed valve 9 due to 

20 vibratory opening and closing of the reed 13. The 
noise is propagated in the direction counter to the 
direction of flow of the fluid, namely, upward 
through the inner cylinder 3 . the gap between the 
upper side of the valve seat 4 an the diaphragm 5. 

25 and the space between the outer cylinder 2 and 
the inner cylinder 3. so as to reach the port A. The 
filter 18 provided in the port A remarkably reduced 
the noise. Replacement of the filter 18 can be 
conducted without difficulty, by removing the cap 

30 21. 

Figs. 17 to 20 show a fifth embodiment of the 
reed valve device with an air control device in 
accordance with the present invention. 

Referring to these Figures, the reed valve de- 

35 vice has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A and accommodating an 
inner cylinder 3 the upper end of which provides a 
valve seat 4 which cooperates with a diaphragm 5. 
the lower ends of the inner cylinder 3 and the outer 

40 cylinder 2 being connected to each other so that 
these cylinders in cooperation provide an upper 
casing 1. 

The diaphragm 5 of a disk-like form is provided 
on the upper end of the outer cylinders 2 of the 

45 upper casing 1 . A cover member 6 provided on the 
diaphragm 5 has a substantially cylindrical form 
closed at its upper end. The central portion of the 
upper wall of the cover member 6 is recessed 
downward in a cylindrical form. A port B is pro- 

50 vided in the peripheral wall of the cover member 6. 
The diaphragm 5 is clamped at its peripheral edge 
portion between the edge of the lower end opening 
of the cover member 6 and the edge of the upper 
end opening of the outer cylinder 2. 

55 A disk-shaped closure member 7 is embedded 

in the central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 
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bias the diaphragm 5 to keep it seated on the valve 
seat 4. 

As shown in Fig. 18. a sector-shaped partition 
wall 19 is provided to connect the outer and inner 
cylinders 2 and 3 at the upper side of the port A. 
The port A is provided with a filter 18 disposed 
therein, and is capped with a cap member 21 at its 
one end. 

The fluid introduced into the port A flows into 
the inner cylinder 3 as indicated by arrows in Fig. 
20. 

A reed valve 9 having a pair of fluid passage 
holes 12 and a lower casing 10 having a pair of 
fluid outlet ports C are secured as a unit to the 
lower end opening of the outer cylinder 2, by 
means of a screw 16. The space under the pas- 
sage holes 12 of the reed valve 9 is divided by a 
partition wall 22 provided in the lower casing 10 
into sections which corresponds to the respective 
passage holes 1 2 and which lead to the respective 
outlets ports C. 

The ports C are arranged orthogonally to the 
ports A and B. 

The reed valve 9 in this embodiment has a 
case complete 1 1 having the pair of fluid passage 
holes 12. reeds 13 capable of selectively closing 
the passage holes 12. and stoppers 14 for limiting 
the lift of the reed 13. the reeds 13 and the 
stoppers 14 being together secured to the case 
complete 11 by means of screws 17. The reed 
valve 9 is fixed at its peripheral portion between 
the upper casing 1 and the tower casing 10 through 
the intermediary of a holding member 15. 

In operation of this reed valve device with air 
control valve, when no signal pressure is applied to 
the port B, the diaphragm 5 is seated on the valve 
seat 4 by the biasing force of the coiled spring 8 
as shown in Fig. 19. so that a fluid flowing into the 
port A is prevented from flowing into the interior of 
the inner cylinder 3 and, hence, from being re- 
lieved through the ports C. 

However, when a signal pressure is applied to 
the port B, the diaphragm 5 is displaced away from 
the valve seat 4 overcoming the force of the coiled 
spring 8. by this signal pressure. 

In this state, the fluid flowing into the reed 
valve device through the port A is made to flow 
through the filter 18. Since the upper surface of the 
filter is held in contact with the partition wall 19. the 
flow of the fluid is deflected horizontally and is 
allowed to flow upward in the region where the 
partition wall 19 does not exist, so as to flow into 
the inner cylinder 3. The fluid then flows downward 
through the inner cylinder 3 so as to forcibly open 
the reeds 13 and is discharged through the respec- 
tive ports C. 

Any reversing flow of the fluid into and through 
the port C is prevented because the reeds 13 of 


the reed valve 9 closes the passage holes 12 m the 
case complete 11 so as to block such reversing 
flow of the fluid. 

During the operation of the reed valve device. 

5 noises are generated in the reed valve 9 due to 
vibratory opening and closing of the reed 13. The 
noises are propagated in the direction counter to 
the direction of flow of the fluid, namely, upward 
through the inner cylinder 3 . the gap between the 

w upper side of the valve seat 4 an the diaphragm 5, 
and the space between the outer cylinder 2 and 
the inner cylinder 3, so as to reach the port A. The 
filter 18 provided in the port A remarkably reduced 
the noise. Replacement of the filter 18 can be 

;s conducted without difficulty, by removing the cap 
21. 

Figs. 21 to 25 show a sixth embodiment of the 
reed valve device with an air control device in 
accordance with the present invention. 

20 Referring to these Figures, the reed valve de- 
vice has an outer cylinder 2 provided in its side 
wall with a fluid inlet port A and accommodating an 
inner cylinder 3 the upper end of which provides a 
valve seat 4 which cooperates with a diaphragm 5. 

25 the lower ends of the inner cylinder 3 and the outer 
cylinder 2 being connected to each other so that 
these cylinders in cooperation provide an upper 
casing 1. 

The diaphragm 5, having a disk-like form, is 

30 provided on the upper end of the outer cylinders 2 • 
of the upper casing 1. A cover member 6 provided 
on the diaphragm 5 has a substantially cylindrical 
form closed at its upper end. The central portion of 
the upper wall of the cover member 6 is recessed 

35 downward in a cylindrical form. A port B is pro- 
vided in the peripheral wall of the cover member 6. 
The diaphragm 5 is clamped at is peripheral edge 
portion between the edge of the lower end opening 
of the cover member 6 and the edge of the upper 

40 end opening of the outer cylinder 2. 

A disk-shaped closure member 7 is embedded 
in the central portion of the diaphragm 5. 

A coiled spring 8 is loaded between the clo- 
sure member 7 and the cover member 6 so as to 

45 bias the diaphragm 5 to keep it seated on the valve 
seat 4. 

As shown in Fig. 24. a sector-shaped partition 
wall 19 is provided to connect the outer and inner 
cylinders 2 and 3 at the upper side of the port A. 
so The port A is provided with a filter 18 disposed 
therein, and is capped with a cap member 21 at its 
one end. 

The fluid introduced into the port A flows into 
the inner cylinder 3 as indicated by arrows in Fig. 

55 24. 

A reed valve 9 having a pair of fluid passage 
holes 12 and a lower casing 10 having a pair of 
fluid outlet ports C arranged in Y-like form are 
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secured as a unit to the lower end opening of the 
outer cylinder 2. by means of a screw 16. 

Thus the interior of the upper casing 1 and the 
interior of the lower case 10 are communicatable 
through the read valve 9. 

The reed valve 9 has a V-shaped case com- 
plete it having fluid passage ports 12 formed .n 
both side surfaces thereof, reed capable of selec- 
tively closing the passage holes 12. and stoppers 
14 capable of limiting the lift of the reeds 13. the 
reeds 13 and the stoppers U being together se- 
cured to the case complete 11 by a screw 17. 

The reed valve 9 is secured between the upper 
casing 1 and the lower casing 10 through a holding 
member 15. 

In operation of this reed valve dev.ce with air 
control valve, when no signal pressure is applied to 
the port B. the diaphragm 5 is seated on the valve 
seat 4 by the biasing force of the coiled spring 8 
as shown in Fig. 23, so that a fluid flowing into the 
port A is prevented from flowing into the interior of 
the inner cylinder 3 and. hence, from being re- 
lieved through the ports C. 

However, when a signal pressure is applied to 
the port B. the diaphragm 5 is displaced away from 
the valve seat 4 overcoming the force of the coiled 
spring 8. by this signal pressure. 

In this state, the fluid flowing into the reed 
valve device through the port A is made to flow 
through the filter 18. Since the upper surface of the 
filter is held in contact with the partition wall 19, the 
flow of the fluid is deflected horizontally and is 
allowed to flow upward in the region where the 
partition wall 19 does not exist, so as to flow into 
the inner cylinder 3. The fluid then flows downward 
through the inner cylinder 3 so as to forcibly open 
the reeds 13 and is discharged through the respec- 
tive ports C. 

Any reversing flow of the fluid into and through 
the port C is prevented because the reeds 13 of 
the reed valve 9 closes the passage holes 12 in the 
case complete 11 so as to block such reversing 

flow of the fluid. . 

During the operation of the reed valve dev.ce, 
noises are generated in the reed valve 9 due to 
vibratory opening and closing of the reed 13. The 
noises are propagated in the direction counter to 
the direction of flow of the fluid, namely, upward 
through the inner cylinder 3 , the gap between the 
upper side of the valve seat 4 an the diaphragm 5. 
and the space between the outer cylinder 2 and 
the inner cylinder 3, so as to reach the port A. The 
filter 18 provided in the port A remarkably reduced 
the noise. Replacement of the filter 18 can be 
conducted without difficulty, by removing the cap 
21. 


Claims 


1. A reed valve device with an air control valve 
comprising: 

5 an upper casing including an outer cylinder pro- 
vided with a fluid inlet port, and inner cylinder 
disposed in said outer cylinder, the gap between 
the lower ends of said outer and inner cylinders 
being closed: 
, 0 a lower casing provided with a fluid outlet port: 

a reec valve provided between said upper casing 
and said lower casing the interior of said upper 
casing and the interior of said lower casing being 
communicatable through said reed valve; 
, 5 a diaphragm placed on the upper ends of said 
outer and inner cylinders; 

a cover member having a signal pressure port 
formed therein and provided on said diaphragm 
said diaphragm being clamped at its peripheral 
zo edge portion between said cover member and said 
outer cylinder; 

a coiled spring loaded between said cover member 
and said diaphragm so as to bias said diaphragm 
to keep it seated on a valve seat provided by the 
25 upper end of said outer cylinder; 

wherein a signal pressure applied to said signal 
pressure port produces a force to deflect said 
diaphragm against the force of said coiled spring 
away from said valve seat so as to allow a fluid 
30 introduced through said fluid inlet port to reach 
said reed valve through the space between said 
outer and inner cylinders and through the interior of 
said inner cylinder; 

characterized in that the fluid introduced through 
35 said fluid inlet port into the space between said 
outer cylinder and said inner cylinder is prevented 
from directly flowing into said inner cylinder. 

2 A reed valve device according to Claim i. 
wherein said fluid inlet port and said fluid outlet 

40 port are oriented in the same direction. 

3 The reed valve device according to Claim 1. 
wherein said fluid inlet port and said fluid outlet 
port are oriented in orthogonal directions. 

4 A reed valve device according to Claim 
« i wherein the interior of said lower casing is di- 
vided into two sections and wherein a pair of said 
outlet ports are provided to correspond to said two 

sections. . 
5. A reed valve device with an air control valve 

50 comprising: 

an upper casing including an outer cylinder pro- 
vided with a fluid inlet port, and inner cylinder 
disposed in said outer cylinder, the gap between 
the lower ends of said outer and inner cylinders 

55 being closed; 

a lower casing provided with a fluid outlet port; 
a reed valve provided between said upper casing 
and said lower casing, the interior of said upper 
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casing and the interior of said lower casing being 
commincatable through said reed valve; 
a diaphragm placed on the upper ends of said 
outer and inner cylinders; 

a cover member having a signal pressure port 
formed therein and provided on said diaphragm, 
said diaphragm being clamped at its peripheral 
edge portion between said cover member and said 
outer cylinder; 

a coiled spring loaded between said cover member 
and said diaphragm so as to bias said diaphragm 
to keep it seated on a valve seat provided by the 
upper end of said outer cylinder; 
wherein a signal pressure applied to said signal 
pressure port produces a force to deflect said 
diaphragm against the force of said coiled spring 
away from said valve seat so as to allow a fluid 
introduced through said fluid inlet port to reach 
said reed valve through the space between said 
outer and inner cylinders and through the interior of 
said inner cylinder; 

characterized in that a silencing member is dis- 
posed in the portion of the fluid passage defined 
between said outer and inner cylinders confronting 
said fluid inlet port. 

6. A reed valve device according to Claim 5, 
wherein said silencer member is a filter. 

7. A reed valve device with an air control valve 
comprising: 

an upper casing including an outer cylinder pro- 
vided with a fluid inlet port, and inner cylinder 
disposed in said outer cylinder, the gap between 
the lower ends of said outer and inner cylinders 
being closed; 

a lower casing provided with a fluid outlet port; 
a reed valve provided between said upper casing 
and said lower casing, the interior of said upper 
casing and the interior of said lower casing being 
communicatable through said reed valve: 
a diaphragm placed on the upper ends of said 
outer and inner cylinders; 

a cover member having a signal pressure port 
formed therein and provided on said diaphragm, 
said diaphragm being clamped at its peripheral 
edge portion between said cover member and said 
outer cylinder; 

a coiled spring loaded between said cover member 
and said diaphragm so as to bias said diaphragm 
to keep it seated on a valve seat provided by the 
upper end of said outer cylinder; 
wherein a signal pressure applied to said signal 
pressure port produces a force to deflect said 
diaphragm against the force of said coiled spring 
away from said valve seat so as to allow a fluid 
introduced through said fluid inlet port to reach 
said reed valve through the space between said 
outer and inner cylinders and through the interior of 
said inner cylinder; 


characterized in that a partition wall is provided to 
connect said outer cylinder and said inner cylinder 
so as to cause a fluid from said inlet port to flow 
horizontally along the lower surface of said partition 
5 wall. 

8. A reed valve device according to Claim 7. 
wherein said partition wall has a sector-shape and 
is provided to connect said outer and inner cyl- 
inders at the same side as said fluid inlet port and 

io at a level above said fluid inlet port. 

9. A read valve device with an air control valve 
comprising: 

an upper casing including an outer cylinder pro- 
vided with a fluid inlet port, "and inner cylinder 
/5 disposed in said outer cylinder, the gap between 
the lower ends of said outer and inner cylinders 
being closed; 

a lower casing provided with a fluid outlet port; 

a read valve provided between said upper casing 
20 and said lower casing, the interior of said upper 

casing and the interior of said lower casing being 

communicatable through said reed valve; 

a diaphragm placed on the upper ends of said 

outer and inner cylinders; 
25 a cover member having a signal pressure port 

formed therein and provided on said diaphragm, 

said diaphragm being clamped at its peripheral 

edge portion between said cover member and said 

outer cylinder; 

30 a coiled spring loaded between said cover member 
and said diaphragm so as to bias said diaphragm 
to keep it seated on a valve seat provided by the 
upper end of said outer cylinder; 
wherein a signal pressure applied to said signal 

35 pressure port produces a force to deflect said 
diaphragm against the force of said coiled spring 
away from said valve seat so as to allow a fluid 
introduced through said fluid inlet port to reach 
said reed valve through the space between said 

40 outer and inner cylinders and through the interior of 
said inner cylinder; 

characterized in that a partition wall is provided to 
connect said outer cylinder and said inner cylinder 
and that a filter is disposed in said space such that 
45 the upper surfacer of said filter contacts and parti- 
tion wall, so as to cause a fluid from said inlet port 
to flow horizontally through said filter. 

10. A reed valve device according to Claim 9. 
wherein said fluid inlet port and said fluid outlet 

so port are oriented in the same direction. 

11. A read valve device according to Claim 9. 
wherein said fluid inlet port and said fluid "outlet 
port are oriented in orthogonal directions. 

12. A read valve device according to Claim 9. 
55 wherein the interior of said lower casing is divided 

into two sections and wherein a pair of said outlet 
ports are provided to correspond to said two sec- 
tions. 


10 


EP 0 367 383 A2 


FIG. I 



tr u 00/ 000 a* 


FIG. 2 


678 



EP 0 367 383 A2 


FIG. 3 



EP 0 367 383 A2 


FIG. 4 



EP 0 367 383 A2 



FIG. 6 


EP 0 367 383 A2 


FIG. 7 



EP 0 367 383 A2 


FIG. 8 



EP 0 367 383 A2 



EP 0 367 383 A2 



EP 0 367 383 A2 


FIG. 12 

B 


cr u oo/ oou ma 



EP 0 367 383 A2 


FIG. 15 



11 17 9 14 22 13 12 


EP 0 367 383 A2 


V 


FIG. 16 



EP 0 367 383 A2 


FIG. 18 



EP 0 367 383 A2 


FIG. 19 



EP 0 367 383 A2 


FIG. 20 



FIG. 21 


EP 0 367 383 A2 


FIG. 22 



wi v ww * www j-va» 


1 


FIG. 23 



EP 0 367 383 A2 


FIG. 24 



FIG. 25 



EP 0 367 383 A2 


FIG. 26 



EP 0 367 383 A2 



